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1. Introduction

The routine use of haemophilus influenzae type b
(Hib) vaccines has virtually eliminated Hib meningitis
and other invasive Hib diseases in industrial countries
[1]. The cost of the vaccine is considerable. In the
United States of America the cost is approximately
$5.60 per dose (1998 price: source, National Immunisa-
tion Program CDC) [1]. It has been suggested in Nature
Medicine [2] that if developing countries could be in-
duced to routinely use the vaccine and universal immu-
nisation were the norm, sales of 500 million doses per
year could be achieved and this would bring down the
price of vaccination. For Hib this would mean four
doses for each year’s birth cohort, at 2, 4, 6 and 18
months [2]. As of now the vaccine is used mainly in
developed countries. The above statement could be
interpreted to mean that poorer countries must use the
vaccine to bring down the price of vaccination in the
West. The need for the vaccine in developing countries,
however, has not been established. The Committee on
Immunisation of the Indian Academy of Paediatrics
feels that the vaccine is safe and effective and must be
advised to parents who can afford it [3].

The incidence of Hib diseases is different in different
regions. It is 6 per 100,000 in Asia compared to 109 per
100,000 in the Western Pacific and Oceanic countries
[1]. In India Hib is not commonly identified and docu-
mented [4]. It is, however, suspected that the low re-
ported incidence may be due to poor bacterial culture
facilities [5]. The most systematic effort to circumvent
this problem and find the true incidence of invasive Hib
in India, was a prospective multi-hospital surveillance

by the IBIS group. They employed meticulous culture
methods in six large teaching hospitals, with a com-
bined bed strength of 8187 beds, in the metropolitan
cities of Delhi, Lucknow, Madras, Nagpur, Trivandrum
and Vellore. After 24 months of this surveillance there
were 58 isolates of Haemophilus influenza among 3441
cases of meningitis, pneumonia and sepsis [6]. Other
reported studies available quote an incidence of 8–14%
for meningitis and 7–15% for lobar pneumonia [7]. The
carriage rate is not known, but high antibody titres are
found in children from a young age and this may
provide an insight into the lower rate of invasive Hib
disease in India. In this communication we analysed the
data available from India demonstrating these high
antibody titres.

There is controversy about the titre at which anti-Hib
polyribosylribitol phosphate (anti Hib-PRP) yields pro-
tection. Robbins et al. have argued that since invasive
Hib disease is extremely rare in adults, they must all
have protective concentrations of antibodies. Ninety-
five percent of adult sera analysed had more than 0.04
�g/ml of anti-Hib polysaccharide and so they con-
cluded that serum levels above 0.04 micro g/ml affords
protection [8]. Makela et al. found levels more than
0.15 �g/ml in adults and used this as a cut off [9].
Santosham et al. [10] and Ambrosino et al. [11] tested
passive immuno-prophylaxis for invasive Hib disease in
high-risk populations and concluded that concentra-
tions from 0.05 to 0.15 �g/ml are protective. Studies
looking at the efficacy of vaccine against Hib have
looked at the geometric mean titre (GMT) of anti
Hib-PRP, as well as the proportion of children achiev-
ing antibody levels above the arbitrary cut-off of 0.15
�g/ml. In trying to elucidate why some communities are
more immune than others, it may be pertinent to look
at the GMT in the community rather than number of
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individuals in each community having antibody levels
above some arbitrary cut-off. We looked at the GMT
of anti-PRP antibodies in different age groups in Indian
children and tried to compare them with the West.

2. Pre-vaccination antibody titres

Table 1 shows anti-PRP antibody GMT studied in
Indian children gathered from four separate studies
[7,12–14]. The antibody titres were tested using a radio-
immuno-assay by Pasteur Merieux in France in three of
the studies [6,12,14]. The GMT in all age groups stud-
ied from India have been above 0.1 �g/ml and do not
reach a susceptible nadir as in children in the West. One
group of 103 children were tested between 1.5 and 4
months using ELISA technique by Wyeth-Lederle USA
and this also showed a GMT of 0.124 �g/ml [13]. In the
West, babies have a high GMT at birth which is said to
reflect maternal antibody levels. These levels then fall
progressively. The present understanding is that chil-
dren under 2 years have poor immune response to
capsular polysaccharide of Hib. Even children who
develop invasive Hib infections, such as meningitis,
often do not develop a substantial concentration of
serum antibodies if they are under 18 months of age
[15]. This leaves them vulnerable to infection after

Table 2
Anti-PRP specific IgG antibody titres measured by ELISA in healthy
Turkish children [16]

Geometric mean titresMean age in Number of infants with
months

(�g/ml)(range) Anti–PRP concentration
�0.15 �g/ml (%)

0.241.5 41 (64%)
2.5 0.21 32 (65.3%)
6.5 29 (53.7%)0.20

0.22 32 (69.6%)13

maternal antibody levels wane. The high levels of anti-
body at different ages through infancy and early child-
hood in India suggests that passive immunity lasts
longer or that active antibody production takes place
much earlier in Indian children.

Similar findings were noted in Turkey by Tasten et
al. [16] who investigated naturally acquired anti-PRP in
healthy children during the first year of life. In a
prospective longitudinal study they repeatedly tested
anti Hib titres in a cohort of 64 children. The results,
summarised in Table 2, show that the majority of
infants have protective concentrations of anti-PRP
from 1.5 to 13 months. They suggested that most of the
infants studied had high concentrations of maternally
transferred anti-PRP and that they acquire natural
active immunity to Hib at an early age.

3. Post vaccination antibody titres

Table 3 depicts the post vaccination antibody levels
in Indian children. After three doses of conjugated Hib
vaccine, post vaccination GMT up to 31.48 �g/ml was
observed. This is in contrast to anti-PRP antibody titres
of 3.64–6.4 �g/ml achieved in children in the United
States and Europe [17–20].

A study in Venezuela also demonstrated unexpect-
edly high antibody titres after immunisation of infants
with PRP-T vaccine. Post-vaccination levels of 37.9

Table 1
Pre-vaccination anti-PRP antibody titres (�g/ml)

ReferenceAge group MethodGeometricNumber of
used for
anti-PRPmean titrechildren(months)

(�g/ml) estimation

2 months
Group A 27 0.186 RIA [12]

RIA0.19827Group B [12]
1.5–4 103 [13]0.124 ELISA

months
[7]RIA0.3271–12

months
[7]25 0.2112–24 RIA

months
16–24 months

28 0.24 RIA [12]Group A
28 0.24Group B RIA [12]

18–24 months
88 0.167Group A RIA [14]
35 [14]Group B RIA0.153

[7]2324–36 0.3 RIA
months

[7]936–48 0.55 RIA
months

48–60 [7]0.94 RIA16
months

�60–120 RIA70 [7]1.18
months

Table 3
Serological response to three doses of conjugated haemophilus influ-
enza vaccine in infants given as primary immunisation along with
their routine DPT/OPV immunisation

PostNumber of Type of vaccine Reference
children vaccinationused

GMT

PRP–T48 [7]
Group A=24 11.97
Group B=24 31.48
54 PRP–T [12]
Group A=27 18.75
Group B=27 13.00
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�g/ml were achieved [21]. A study of PRP-T vaccine in
Chilean children found a high post immunisation GMT
of 11.3 �g/ml [22].

T lymphocyte memory cells, if primed previously, are
known to produce high antibody levels on exposure to
the natural antigen or on giving booster vaccination
[23]. The exaggerated response to primary vaccination
in Indian children, seen alongside the high pre-vaccina-
tion levels, suggests that the children had been primed
by natural infection and that the high pre-vaccination
levels represent immunity acquired actively by the in-
fant rather than transferred passively from the mother.

4. A possible explanation

Studies from the early 1970s may hold an explana-
tion for this phenomenon. It is known that other
bacteria have cross-reactive antigens to the Hib capsu-
lar polysaccharide. In an elegant experiment with bur-
ros, Bradshaw et al. [24] demonstrated the development
of serologically specific precipitate antibodies to Hib,
after immunisation of the animals with Staphylococcus
aureus and Bacillus subtillis. Strains of Staplylcocci,
Group D Streptococci, Diphtheroids and Escherichia
coli have been found with cross-reactive antigens to Hib
[24]. Robbins et al. [25] have demonstrated that infants
show enhanced immune response to H. influenzae cap-
sular polysaccharide when they have concurrent cross-
reacting E. coli infection of the gut. Under these
circumstances a rapid and sustained rise in antibody to
Hib was noted. E. coli are ubiquitous in developing
countries like India and their presence in the gut may
have helped to stimulate antibody to Hib in the subjects
reported [7,12–14].

Although the mechanism by which this is achieved is
uncertain, these studies show that children in some
developing countries posses protective levels of anti-
Hib antibodies from an early age. There is thus a great
potential for savings to be made in vaccination use in
developing countries, if this finding is further
substantiated.
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